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A PKSLIMINARY STUDY OF THE OHEIittCAL CHANGES OOOUhRING IN MEATS DUR-
ING TliS PROCESS OF DRYING.
INTRODUCTION Al© OBJECT.
For a numlDer of years there lias been much discussion as to
the relative merits of determining moisture in foods by drying them
In an oven at 100-110° 0.,and in vacuo over some desslcating sub-
stance as sulphuric acid. It has been shown experimentally that
many food products when heated to constant weight at 100-110° C.
give a higher moisture content than when dried In vacuo. Several
theories have been advanced as to the cause of this difference.
Thus, it has been held that in the case of substances dried by the
use of heat there is a rearrangement of some nitrogenous constit-
uents, or a loss of some of the ether-soluble substance. At any
rate, since there is such a difference between the two methods it
shows that there is something which maKes one superior to the other,
In the case of the oven drying method. It is simpler and requires
much less time. Yet there is a possibility of a loss of volatile
matter other than moisture and further the forms of soluble nitro-
gen are altered, the heat-coagulable nitrogen being decreased, and
the proteose nitrogen Increased. With the vacuum method th^ time
required for complete drying Is much greater and the technic is
more laborious and Involved. The vacuum method, however, should
produce much less change in the structure of the compounds and
little if any loss of volatile matter. It Is the specific object
of this 1 nvestisration to procure more Information us to the com-
parative value of these two methods of drying with reference to
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meats and meat products. In this investigation there are three
points to be borne in mind: (1) Is the difference in moisture con-
tent of sufficient importance to warrant the use of the laborious
and slow vacuum method? (2) What is the effect of heating upon
the percentage of fat (ether-soluble matter) and upon the total
nitrogen, as compared with the values found by the vacuum method?
(3) How nearly does the vacuum-dried product compare chemically
with the fresh undried material calculated to the dry basis?
HISTORICAL.
F. G. Benedict^ investigated the changes taxing place in
drying substances with heat. Later, 1905. under his direction,
Charlotte Manning* tested the method on the assumption that there
were three sources of error: first, volatilization of material
other than water; second, absorption of oxygen, and third, ab-
straction of moisture from the air while weighing.
To test the first assumption, the material was dried in a
heated vessel with a current of air or gas, free from carbon di-
oxide, passing over it. The air issuing from the vessel passed
through barium hydroxide, concentrated sulphuric acid, and potas-
sium permanganate. The degree of turbidity of the barium hydrox-
ide, the discoloration of sulphuric acid, and the reduction of
the permanganate showed the amount of material volatilized. A
quantit.ati'O'e measure of the products was impossible, however, on
account of the condensation of some volatile material before it
II
I
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reached the absoriDent mixtures*
Next, assuming that the volatile material was fat or a mfib-
erial soluble in ether, they determined the amount of ether extract
in the material before and after prolonged heating in the air at
100° 0. This also proved unsuccessful because the fats were ren-
dered less soluble by the absorption of oxygen in air* on account
of this second error, that of oxidation by heating in the air, an
inert gas llKe carbon-dioxide, nitrogen, -or hydrogen was passed
over the substances. They found this gave too high a per cent of
moisture because the error in volatilization was not cancelled by
the error of oxidation.
Wording on the third assumption, that the error from heat-
ing was due to absorption of moisture from the air while weighing,
they found this could be remedied in a large measure by using ves-
sels with covers. By this means, they fbund that the substances
could stand in these bottles quite a long time, even in the air,
without taxing up more than 1 to l.i? milligrams of moisture; hence
the amount absorbed while transferring from the dessicator and whlld
Heierhing was of no consequence.
Besides these sources of error from heating in an air oven,
they found that changes taKe place which are of great disadvantage
in studying the properties of substances especially plant and ani-
mal material. Analyzing samples of meats, some of which had been
heated in a water-JacKet oven at 100® 0., and the others dried in
a vaciium-dessicator, a nitrogen determination showed a loss of 6 to
7 per cent in the case of the oven-heated samples.
The technic of the vacuum method of dryirig was as follows:

the substance to toe analyzed was placed In a vacuum dessicator
cohtainlng 100 to 200 cc. of conunerclal sulphuric acid (ap.gr,1.84)
A small amount of dry ether was poured into a test tube or dish and
carefully supported in the dessicator. All stopcocKs and the des-
sicator lid were made air-tight by thoroughly waxing all possible
sources of leaKage. The air being partially removed by means of a
suction pump and then as the ether vaporized it expelled the re-
maining air* This produced a vacuum of less than 1 millimeter of
mercury. The dessicator was then set away and Kept at a tempera-
ture of about 20° 0* while the substance was allowed to dry. A
manometer was Kept in the dessicator in order to see when it needed
to be evacuated. The loss in weight in the plant or animal mater-
ial after prolonged drying, representing the moisture, was not
great enough to affect physiological or chemical research. When
drying was complete, dry air was let into the dessicator. The ves-
sels were then tax en out, the covers quicKly placed on them^and eac:i
transferred to a separate dessicator to be weighed later,
WorKing on this problem, L. F. SchaKell* in I909 .modified
the vacuum method by using a "GeryK" pump and doing away with the
ether. This eliminated the possibility of the formation of the
sulphur dioxide, which came from the reduction of sulphuric acid
by carbonization of ether and thus prevented its possible absorp-
tion by the substance in the process of drying. ShacKell also ob-
jected to the use of commercial sulphuric acid on account of the
sulphur (dioxide that might be present. He also introduced another
modification, namely, the rotation or shaKing of the dessicator
so as to Keep the absorbed moisture equally distributed throughout
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the sulphuric acid* This reduced the time of desslcatlon so much
that hP? was able to complete the dessication in ninety-six hours,
with such materials as corn chop, air-dried feces^,- mllK, and honey.
¥orlcin^< with materials which would he iflftst affected "by heating to
100® 0, such as levulose, butter, cheese, milk, vinegar, and soap,
fee Ibund that the oven method of drying gave a higher percentage
moisture content than the vacuum method. Using ignited sand as an
absorbent for the sulphuric acid instead of cotton eliminated the
possibility of error due to the presence of moisture in the latter
Further, he found the vacuum method very useful where the substances
i
were first frozen then placed immediately into the vacuum desslca-
tors and dried. By this means the possible chemicggl changes from
deterioration were reduced. He found that physiological prepara-
tions treated in this maliner could be Kept without any changes oc-
curring in them, that serum containing antibodies could be Kept
without changing the complement content; that the factors Involved
in the formation of thrombin were not affected, nor the oxyhemoglo-
bin or blood gases. Serum did not change in solubility liKe the
usual dessicated serums.
In 1878, Hofmeister* found that gelatin on being heated to
130** 0. was transformed again into collagen, since gelatin and
collagen have about the same composition, he considered the latter
merely an anhydride of the former. Emmett and Geis* in 1906 found
that gelatin which had been heated to 130** C. was less soluble than
befo hence was not the same physically at least as the original
gelatin. Further, they learned that the heated gelatin was not
pure collagen since it uaa Insoluble in neutral trypsin, wheras
collagen .l&„r.e.a^ly.jil8mived^^ They also found that on |
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boiling collSLgen to transform it into gelatin, a small amount of
ammonia was liberated, while on boiling gelatin there was no such
loss of nitrofien. They concluded that gelatin was not a true hy-
drate of collagen but a product formed by an intermolecular rear- :
;
rangement and that gelatin upon drying to 130° 0. underwent some
decomposition and not merely dehydration*
Later, Gibson and Atwater® confirmed the results of Bene-
dict and Manning as to the loss of nitrogen on heating organic sub-
stances to 100^ 0. They passed dry hydrogen over the substances
and conducted the gas into hot sulphuric acid, then determined the
nitroger> in the acid* They found as did Benedict and Manning,
that there was a loss of 6 to 7 per cent of the total nitrogen.
r
Prear and Beistle , in IS89. analyzing vinegar, found that
if heated to constant weight at 100*^ 0, 0.6^ per cent more of the
total weight volatilized than when dried in vacuo over concentrated
sulphuric acid. The former method was attended by volatilization
of other constituents than water, alcohol, and acetic acid.
In 1S9U-, Shultz® showed that oxidation taxes place in meats
when dried in air at 110® 0. He found that the quantity of pre-
formed sulDhate in meats dried in this manner was 7 to 10 times
greater than when dried in vacuo at 13^ 0.
Besides the above investigations, the referees on the de-
termination of moisture, Ibr the Association of Official Agricultu-
ral Chemists have worKed upon this sub;ject for a considerable lime.
Their results are quite unsatisfactory in many ways. They have
finally decided that the nature of the desslcating reagent for
the vacuum method is an Important factor. At the present time com-
parative studl.ej.,^„e^beln€LJiaM-llk^ sulphuric acid, copper sul- I
II
7pnate, soda lime, and sodium hydrate as the dehydrating agent.
In I9O8 P. F. Tro\/brldge used the revised Benedict method*
of drying in vacuo without heat on various suhstances as blood,- llv
er, lean beef, wheat stuhhle, soil, corn chop, butter, cheese, and
mllk^ He found that It required about ^ to 60 hours to complete
the drying. The material was generally dried In the fat extraction
shells and In some cases was mixed with sand. He found the fat ex-
tracted from heated samples was frequently darK colored, while the
fat from samples dried In vacuo was perfectly white.
10
Later, In 1909 • Trowbridge, as associate referee of the
American Association of Official Agricultural Chemists, reported re
suits on the use of the vacuxim method on corn meal, molasses, and
beef extract, compared with the results obtained by the official
method and the Lowenstein alcohol method.^* By this method the
meat Is first treated three or four times with alcohol, which Is
evaporated off; It is then dried in an oven at 100-105° C. to con-
stant weight. The heat employed in drying msikes the Lowenstein
method open to the same criticism as thejbfficlal method. For the
official method a vacuum oven Kept at 105° C. and a pressure of
about 25 cm, was used. The vacuum-dried samples were left in vacuo
72 hours, the pressure being less than a millimeter.
The results obtained on a sample of corn meal by Alice L.
Davison, and by 0. R. MDnalton were as follows:
II
I
8Comparison of Moisture Determinations on
Corn Meal by Different Methods.
Analyst. Official. Vacuum*
Davison 11. 25
" 11.23 12.56
• 11.32 12.62
Average 11.26 12.55
Moulton 12.834 12.48
I2.S32 12.18
Average 12.83 12.33
Nothing definite can he concluded from these data on corn
meal, since one analyst got higher results by the vacuum method,
while the other got higher results by the oven method. The first
analyst's results show from 1.2 to I.3 per cent wore moisture by
the vacuum method, while the duplicates only differ by 0.1 per
cent. The second analyst's results show from 0.4 to 0.7 per cent
more moisture by the oven method, the duplicates differing by 0.3
per cent on the vacuum-dried sample and checKing to the second dec-
imal on the oven-dried sample.
The results by the same two analysts, on sorghum were:
Analyst. Official. Vacuum. Alcohol.
Davison 25. 09 21.63 25. 50
25.10 21.76 25.48
« 25.01 21.58 25.
Avera^^ 25. 07 21.66 25.48
Moulton 27.69 21*94 25. 50
27.85 21.54 25.95
Average 27.77 21.74 25.73

9In these moisture determinations on sorghum both analysts
found a much lower percentage or moisture toy the vacuum method
than by either of the other two methods. The averages show a dif-
ference of four to seven per cent. The official and Lowensteln
methods agree very closely. The fact that there was such a dif-
ference between methods with and without heat Is due in part to
the well Known action of heat on some of the sugars.
Moulton obtained the following results on beef extract us-
ing the three mentioned processes of drying;
1
Official Vacuum Alcohol
method method method
( four ( three ( four
dryings) dryings) dryings)
32.957 27.683 32.018
33.246 27.»^73 31.648
Average 33.102 27.580 31*833
The two methods where the samples were heated in the case
of the beef extract, give an average of 4 to 6 per cent higher
moisture than in the case of the vacuum method. Here again the
official and alcohol methods agree very well*
Moulton and Lowensteln obtained the following results with
beef extract by these three methods:
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Axconox
Analyst. method. method. method.
^io.px
« o£^ lLf\ oo Mrs C 11
<:.0.0*r
<iO •Of
CO • •t'7
" 26.25
Average 26.4^ 22.35 26.58
" 25. 59'*- 21.3^3 24.502
Average 25.63 21.^4-12
Lowenstein obtained the following results on other samples
of commercial beef extract:
Official Vacuum Alcohol
Description of sample, method. method. method.
Low salt extract, 4.5 pct.NaOl 28.9a 20.62 28.40
« « II 27.3s 28.92
Average 27. 68 20.62 28.66
High « " 18.5 " 28.30 20. 28.44UK H 26.58 28.60
Average 27.44 20.46 28.52
Extract 12.25 per cent Nad 54.76 50.43 54.68
II N H 53.46 54.50
Average 54.11 50.43 54.59
In the results daitained by Lowen stein and Moult on on beef
extract and by Lowenstein on commercial beef extract of low and
high per cent of sodium chloride, the same differences are sh )wn
as those obtained by Moulton.
Bince data by the different analysts agree in showing a
difference of three to six per cent between the heat methods of
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drying and the vacuum method without heat, and since the two heat
methods checK quite closely, these data seem to show that the heat
causes a loss of other constituents then moisture. In this con-
nection Trowbridge says, although he gives no data as proof^ "in
many food-stuff analyses other determinations are to he made on
the sample free from moisture, and the heat used to remove the
ffioistutre frequently drives off other substances or changes the na-
ture of the remaining substance in such a manner as to interfere
with subsequent determinations. When the moisture is removed by
the vacuum method without heat fats are not oxidized, soluble pro-
teins are not coagulated, organic phosphorus compounds are not
changed to inorganic forms, etc."
In 1910^* Trowbridge tried the official and vacuum methods
for determining moisture in ice cream. Here the per cent of mois-
ture by the vacuum method was as high and even higher in some casei
than by the official method. The differences in duplicates 7/ere
however as great, in some instances greater in fact than those be-
tween the corresponding methods. In carrying out cooperative woi*
on a large number of samples of corn meal, he reports the moisture
determinations made on 12 samples. It is noteworthy that while
the conclusion was drawn that the vacuum method gave on an average
1.21 per cent higher results, that the difference in duplicates
by the official method was usually large, averaging 0.57 per cent»
In the case of the vacuum method the difference in duplicates aver
aged only 0.08 per cent.
In 1913, w. Koch and M. L. Koch ^* made a comparison of
two methods of preserving nerve tissue for subsequent chemiceil ex-
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amiuatlon. They worKed witn brain and spinal cord tissue. Analy-
ses were made on materia, which had heen dried at 95° o. for one
weeK and at the end of this time placed in alcohol, and compared
them with analyses made on samples placed directly in alcohol.
They found that heat seriously affected the composition, particu-
larly in the case of the hrain. The decomposition was most marKed
in the phosphorus compounds. They concluded that the deterrainatioilb
of water by drying at 95° 0. was not safe, if the relative propor-
tions of solid matter in the same sample were to he determined.
Summary. In summarizing the worK done thus far on mois-
ture determinations we fiHd a wide variation in results, {'hese
variations maKe it impossible to draw any positive conclusions as
to the reliability of the vacuum method or its superiority over
the official method as far as total moisture and fat are concerned,
Thus, Benedict and Manning did not succeed in finding what other
constituents than moisture were volatilized or In proving to what
extent oxidation entered into the change upon heating. They found
a loss in nitrogen upon heating organic substances to lou** and
their results were confirmed later by (Jlbson and Atwater.
ShacKell improved the Benedict-wanning method of drying in
vacuo, and found the method very satisfactory for drying physiolog-f
ical preparations, ne also found that the per cent of moisture in
substances like butter, cheesg, and milk, wnich were nost affected
by heating to 100® o. was higher when determined by the oven metho4
than by the vacuum method.
Emmett and Gies found that gelatin on being heated to 1^0**
was changed to something other than pure collagen, hence was not
merely dehydrated as claimed by Hofmelster. They also found that
II
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coilager. upon l)eing boiled lost ammonia, while gelatin when boiled
did not lose nitrogen*
Prear and Beistle round that vinegar when heated to loo** C
lost 0*6H- per cent more volatile matter than when dried in vacuo
over concentrated sulphuric acid. They also found a loss or other
volatile substances besides water, alcohol, and acetic acid,
Shultz round the quantity or prerormed sulphates was 7 to IC times
greater in meats dried at 1U0~11U° C* in air than those dried ftn
vacuo at 1^° C, thus showing that oxidation had taKen place. In
the referee worK, one analyst round that the vacuum method on corn
meal gave a higher per cent or moisture, while another analyst
round that the oven method gave a higher per cent. The per cent
or moisture in ice cream was higher by the vacuum method. Sub-
stances like sorghum and Deer extract were round to undergo some
changes upon heating which arrected the moisture content and the
subsequent determinations and rinally, w. Koch and m. L. Koch
round that nervous tissues were decomposed upon heating to 95** C,
the change being greatest in the phosphorus compounds.
EXEERD^HTAL.
i'LAN. In this investigation, samples or beer round were
used. Complete analysis was made or both the rresh and vacuum:-
dried samples. The percentageor dry substance was determined in
each by the oven and vacuum methods. The tot^^sl composition was
calculated to the dry basis using both or the above percentage
values. These data rurnished a comparison ror study or the
two methods or drying. |

PRBFAEATION OF SAKirLES. In each case, about three pounds or
lean beef round were taKen, The meat, arter being trimmed from fat
and freed from bone, was cut into strips about two or three inches
long. In this condition the meat was put through a meat chopper.
A small amount of thymol was added to aid in preventing decomposi-
tion, A portion of tMs ground meat was reserved for chemical anal-
ysis of the fresh sample. The remainder was used in preparing the
dessicated sample.
PRBPAIl^TlON OF THE DESSICATED MEAT. Part Of the finely
ground meat was immediately spread out in Petri dishes. These were
then put into small bucKets, which were tightly covered, and placed
in a larger vessel. The whole was then completely surrounded with a
freezing mixture of ice and salt. When the meat was thoroughly
frozen, the dishes were placed at once into vacuum dessicators. The
dessicators were evacuated with a fGeryK" vacuum pump. They were
then placed in a refrigerator and careililly shaKen by hand every half
hour for at least a half day, then every hour until the meat showed
definite indications of drying, i.e., curling up at the edges. "When
the meat had dried considerably on one side, it was carefully broKen
up and placed Dack into dessicators and Kept in the refrigerator with
occasional shaKing. After a day and a half or two days the meat
was sufficiently dry so that it could be put on a shaKing apparatus
and Kept at room temperature without causing any decomposition. The
ShaKing was then continued about three days. By the end of the third
day the meat had given up most of its moisture and was in a hard,
brittle state. It was next ground as follows in a dry mill, the
usual precautions being taKen: The dry sample was first run througj)
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very coarse, then a little finer, until the particles would go
through a millimeter sieve. In this condition, it was again spread
out in retri dishes, placed in evacuated dessicators, and put on
the shaKlng apparatus. After two or three days drying the dried
meat was taken out, thoroughly mixed and then sampled.
Chemical Method used.
The following determinations were made on both the fresh
and dessicated samples; (i; Dry substance,hy two methods (a; dry-
ing in air bath at 10^^ c. and (b) drying in a vacuum dessicator
over sulphuric acid at room temperature; (z) Ether-soluble matter
(fat) in the dried residues from (a) and (b)i i^) Total nitrogen^
( M-) Total water-soluble nitrogen; (5^ Heat-coagulable nitrogen;
in the water extract; ib) Proteose nitrogen; and H) Great in nitro-
gen.
1. Dry substance.
(a) Oven Method* The samples weighed out for dry substance
determinations were spread out in small lead caps which were pro-
vided with covers. They were then placed in a water-jacKet oven
and heated for two hours at a temperature of 100° C to 10^® c.
They were then taken out, the covers quickly placed on the capg,
and transferred to dessicators, containing concentrated sulphuric
acid. After an hour, they were weighed. They were then heated
repeatedly for an hour at a time, until they came to constant
weight.
(b; Vacuum Method. The other samples for the dry sub-
stance determinations were placed in a vacuum dessicator, which
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contained concentrated sulphuric acid, together with a small manom-
eter. The evacuated desslcator was placed upon the shaKer. It
was left here for three or four days, special care being taKen to
Keep It thoroughly evacuated. At the end of this time, air was let
In carefully, using a wash bottle containing concentrated sulphuric
acid. The caps were Immediately covered and weighed. They were
again put on the shaKer and weighed every day until they became
con stant*
2. Fat.
The dried samples together with the lead caps were placed
in 8. and s. extraction shells and the fat extracted in the usual
way with ether, that had been dried over metallic sodium.
3* Total Nitrogen.
Total nitrogen determinations were made by the K^ieldahl-
Gunnlng-Arnold method.
4. Preparation of Water Extracts.
(a) The Fresh Meat. 150- grams of the fresh meat were di-
vided between two large centrifuge bottles, putting as near the
same amount as possible into each. Sand, which had been freed from
all vmter- soluble material, was added in about the same amount as
the meat. This was thoroughly mixed with the meat in order to aid
in the extraction. Six extractions were then made with cold dis-
tilled (10® C.) water uslig the followir.g amounts: 50, 50, 25, 25.
i£5, and ztf cubic centimeters. Each extract was centrilMgated five
minutes. Bach extract was then carefully poured into a lOUO cc.
measuring flasK, At the end the combined extract for each bottle
was dllut^tl tp the marK.
J
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After thorouglily mixing, each extract was filtered through
fluted filters care being taKen to Keep them at a low temperature.
The following portionsof the clear extract were measured out with
standardized pipettes for analysis: total soluble nitrogen 25 cc.
in triplicate, heat-coagulable nitrogen lt>0 cc. in triplicate, and
creatin nitrogen 100 cc. in triplicate.
(to) Vacuum-Dried Meat. The extract of the dried meat was
prepared in the following manner: 10 cc. of cold water was added
to each of five 1!?0 cc. beaKers, each of which contained about I7
grams of the sample. The mixture was* stirred to a thicK paste,
then 25 cc. more of the water was added and the whole stirred thor-
oughly for 15 minutes. After standing for five minutes, the liquid
was filtered into 300 cc. flasKs, the residue in both beaker and
filter paper being thoroughly drained by pressing the meat with a
rod. The portion on the filter was transferred as completely as
possible to the proper beaxer care being taKen not to breaK the
cc >
filter paper. Twenty-five^of water was then added, the whole
stirred for ten minutes, allowed to stand three minutes, and then
filtered. The residue was transferred as before. This procedure
was repeated six times using 2^ cc. of water for each extraction.
After the last extraction, the residue was washed three times with
10 cc. of water. All the extracts were combined in a 2000 cc.
measuring flasK, diluted to the marK with distilled water and thor-
oughly shaKen. In some cases, to test the completeness of the ex-
traction, the residues were extracted further with cc. of water
using 5 to 10 cc. at a time. A nitrogen determination was ;nade on
this extraction. The same quantities of the main extract were
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measured out for the different determinations as were taken in the
case of the fresh meat,
5. Total Soluble Nitrogen.
To the cc. of extract which had "been measured out ilito a
KJeldahl flasK, 25 cc. of concentrated sulphuric acid was added and
the usual Kjeldahl-Gunning method followed.
6. Heat-Coagulahle Nitrogen.
The portions of extract for heat-coagulable nitrogen deter-
minations were evaporated to ^0 cc. on a water bath at 95-98° c. In
most cases they were^ ready to filter, the coagulum having come down
leaving a clear supernatant liquid. If the coagulum did not cime
down in this manner, a few drops of N-20 sodium hydroxide were add-
ed, until the solution was very faintly alkaline to litmus paper.
It was then heated again and filtered hot. The residueson the fil-
ter and in the corresponding beaker were washed five times with hot
water. The coagulum and the filter were then transferred to a Kjel-
dahl flask, and the portion remaining on the sides of the beaker was
removed by three alternate applications of concentrated sulphuric
acid, heated to boiling, and then followed each time with boiling
water. This part of the coagulum was added to the portion in the
KJeldahl flask and the regular method continued.
7. Proteose Nitrogen.
The filtrates from the heat-coagulable nitrogen determina-
tions vjere evaporated on the water bath to 30 cc. and enough crys-
tallized zinc sulphate added to maKe the solutions completely sat-
urated. 1 cc. of 50 per cent sulphuric acid was then added to each
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The solutions were iueated slightly and stirred until the sulphate
went into solution. They were then set away and allowed to stand
Tor 12 hours at room temperature. They were then filtered, and
the residues and toeaKers washed rive times with saturated zinc sul-
phate solution. The precipitate was then transferred to a Kjeldahl
flasK, the heaKers carefully cleaned with hot water and sulphuric
acid, and the usual method for nitrogen continued.
8* Greatm.
The creatin deterndlnations were made hy the Folin colorimet-
ric method modified according to Emmet t and Grindley.^^ The solu-
tions were first evaporated to W cc. and then coagulum removed in
the same manner as in the heat-coagulable nitrogen determinations.
They were then evaporated to 10 cc. on a steam bath and taansferred
with hot water to 50 cc. flasKs using the smallest amount of water
possible. The total volume did not exceed 30 cc. Five cubic centi-
meters of double normal hydrochloric acid were added to each flasK.
The solutions were hydrolyzed by the Benedict-Myers method^^, heat-
ing In an autoclave for zo minutes at liy-li^O® C. After being
allowed to cool thoroughly, the solutions were made almostt neutral
with dilute NaOH, leaving them slightly acid to litmus paper. They
were then diluted to the marK with water. After thoroughly mixing,
10 cc. of each solution was measured ou.t of a burette into a 500 cc.
fiiSK for a preliminary creatinine reading to ascertain what vol-
ume to use to get a reading of approximately S mm. 15 cc. picric
acid and 10 cc. NaOH were added to the 10 cc. of solution and al-
lowed to stand for exactly 5 minutes. The solution added was then
diluted to the marK with water^ and thoroughly mixed, several read-
Ii
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ings were taKen and from the average the amount to be used for a
final reading was calculated* Several reading* were talc en and from
the average the creatinine nitrogen was ceaculated to creatin ni-
ti'ogen by multiplying by 1.16.
DISCUSSION.
A. OOMPARiSUN OF THE OVEN AND VAOUCTM METHODS OF DRYING.
In Table I the chemical composition of fresh and dessicated
meats expressed in per cent of th'^ fresh substance is given. Thes(
data include the percentage of dry substance determined by the vac-
uum and oven methods; the percentage of fat in the dry substance,
treated by both of the above methods of drying; the total nitrogen,
the forms of soluble nJjXrogen,~l.e. , total soluble, heat-coagulable^
proteose, and creatin nitrogen -;the percentage of total solids, anc
the percentage of soluble ash.
From the results obtained, it can be seen that the percent*-
ages of dry substance by the vacuum method in the case of both the
fresh and dessicated meats are slightly higher than those obtained
by the oven method. The dessicated meats show greater differences
in this respect than the fresh meats. The averages of all the
fresh samples give a percentage of 26.42 for the vacuum method and
25,89 for the oven, while those for the dessicated samples give for
the vacuum-dried method 98.06 and for the oven-dried method 96.39
per cent. As can readily be seen, in some cases the differences
are so slight that they might be attributed to experimental error.
However, in view of the fact that in every case the greater per-
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ceiitage or dry substance appears in the vacuum-dri ed samples^/ygives
reasonable grounds for assuming that this difrerence is due to the
method rather than experimental error.
There is practically no correlation between the differences
in the percentage of fat and those in dry substance* In some
cases the percentages are higher by the oven method, while in othen
they are higher by the vacuum method. The averages for all the
fresh samples give a percentage of 3. 12 by the vacuum method, and
2.98 by the oven method, while the averages for the dessicated
meats are 10,28 for the vacuum and 10.04 for the oven method.
The remaining data in this table relate essentially to the
forms of nitrogen but since they were not determined in the oven-
dried samples but in the fresh and the dessicated samples, no com-
parison can be made from the standpoint of the methods used for
drying. Further, since these results were calculated upon the ba-
sis of the fresh substance, they cannot be compared directly as to
the differences in chemical composition. They must first be calcu-
lated to the dry basis. However, it will be of general interest to
compare their composition upon the fresh basis.
For the fresh samples the total nitrogen is ^•^^ per cent,
the total soluble nitrogen 0*792 per cent, the heat^coagulable
nitrogen, 0.424 per cent, the proteose nitrogen 0.021 per cent, the
creattiJ") nitrogen 0.122 per cent, the total solids 6.176 per cent,
and the total soluble ash 0.779 PeJ* cent. For the dessicated sam-
ples, the total nitrogen is 13. 176 per cent, the total soluble
nitrogen, 2.732 per cent, the heat-coagulable nitrogen, 1.171 per
cent, the proteose nitrogen O.098 per cent, and the creatin nitro-
1
gen 0.639 per cent.
The Calculated Effect of the Differences Resulting from Dry-
ing "by Both Methods, (a) Fresh and (b) Dessicated Meat. From the
data In Table I it is possible to calculate Just what influence
the differences resulting from drying the samples by the two methods
actually had upon the chemical composition of the flesh. This is
done by calculating the results to the dry basis using the corres-
ponding values obtained by the two methods. These results are given
In Tables II and III for the fresh and dessicated samples, respect-
ively.
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TABLE II. CHEMICAL COMPOSITION OF FRESH MEATS.
Calculated to the dry basis.
Labora-
tory
nuinber.
Pat.
1 L ajL
.
—
—Forms or Nitrogen-^—
-—
—water soluble nitrogen —
Total. Coagu- Pro- Crea-
lable. teose. tin.
Calculated on oasis of vacuum method of drying.
312112
312512
3138I2
313912
312612
16.65
14.13
8.47
6.26
8.28
11.893
12.751
13.450
13.573
2.955 1.655 0.089
2.780 1.439 0.104
3.115 1.534 0.090
2.769 1.445 0.054
3.189 I.8O3 0.078
0.507
0.444
Average 10.76 13.004 2.962 1.575 0.083 0.475
Calculated on basis of oven drying method.
312112
312512
3138I2
313912
312612
18.45
14.61
8.21
6.17
8.65
12.045
12.818
13.867
14.073
2.993 1.676 0.090
2.795 1.446 0.105
3.211 1.581 0.093
2.871 1.498 0.056
3.251 1.839 0.079
0.523
0.461
Average 11.22 13.284 3.024 1.608 0.085 0.492
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TABM III* THE CHEMICAL COMPOSITION OF DESSICATED SAMPLES OP BEEi
Calculated to the dry basis.
—Forms of Nitrogen >
+ \r Water soluble nitrogen—
Total.
Total. Coagu- Pro- crea-
lable. teose. tin.
Calculated on basis of vacuum drying method.
7.1 91 1 9j±c.JLXc. Iff 12.221 2.500 1.207 0.055 0.636
312512 15.79 12.14-17 2.395 0.796 0.183
3I58I2 6*88 13.541+ 3.196 1.260 0.121 0.411
313912 5.07 13.890 3.089 1.472 0.083 0.645
5.7*^* 14.770 2.996 X . C-O 1 r\ 1 nx r\ £.01
6.99 13.786 2.772 1.242 0.052 0.635
9.97 13. ^^55 2.6^2 1.101 0.557
Jl V c; i cl© C lO.M-il 13.440 2.797 1.195 0.099 0.589
Calculated on basis of oven drying method.
312112 17.55 12.257 2.507 1.211 0.055 0.638
312512 16*07 12.656 2,441 0.811 0.186
3I3SI2 6.88 13. 961 3.295 1.299 0.125 0.423
313912 ^.89 14.070 3.129 1^491 0.084 0.653
313312 4-. 552 15.072 3.058 1.313 0.105 0.633
313412 6.65 14.079 2.831 1.268 0.053 0.648
313512 10.15 13.647 2.669 1.117 0.565
Average 10.36 13.677 2.847 1.216 0.101 0.593
* Omit ted from average.
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The averages of the fresh samples. Table II, show the fol-
lowing percentages: for fat, hy the vacuum method 10.76, by the
oven method 11.22; for total nitrogen, by the vacuum method 13.0OM-,
by the oven method 13.284; for total soluble nitrogen, by the vac-
uum method 2.962, by the oven method 3.024; for heat-coagulable ni-
trogen, by the vacuum method 1.575. by the oven method 1.608; for
proteose nitrogen, by the vacuum method O.O83, by the oven method
0.085; for creatin nitrogen, by the vacuum method 0.475, by the
oven method 0.492. It is thus to be seen that the values for the
oven-drying method run slightly higher for each constituent. A
study of the individual data also indicates, except for the fat,
that the values upon the dry basis tor the oven-dried method run
a little higher throughout. In the case of the fat, the values
vary so much that they do not show anything definite.
The average results for the dessicated samples. Table III,
are respectively for the vacuum and oven methods: for fat, 10.49
and 10.36; for total nitrogen, 13.440 and 13.677; for total solu-
ble nitrogen, 2.797 and 2.847; for heat-coagulable nitrogen, I.195
and 1.216; for proteose nitrogen, 0.099 and 0.101; for creatin ni-
trogen, 0.653 and 0.664. Again, in all cases, except for the fat^
the data for the oven method are slightly higher than those for the
vacuum method. The differences are very small, however.
The fact that these results agree so closely brings up the
question as to whether the differences between duplicate or tripli-
cate determinations upon portions of the same sample are not as
large or larger than those differences between the two methods. If
the latter differences are equal to or greater than those due to
experimental error, there is no justification for the use of the
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longer and more laborious vacuum method.
The data in Table rv give a comparison of the duplicate
detejfnanations calculated: ( a) on the fresh basis, and (b) on the dry
basis by both the vacuum and oven methods. Considering the results
on the fresh substance, it will be seen that the duplicate values
for the various nutrients run quite close for each sample. The
greatest difference is in the case of 313^12B for total nitrogen.
In a few other instances the duplicates are not as close as it was
hoped they would be. This applies especially to the total and sol-
uble nitrogen for 313ai2B and to the proteose nitrogen and the crea-
tin for 313912B. Calculated to the dry basis, the values for nhe
vacuum and oven drying methods show the same variation between du-
plicates as the data on the fresh basis, excepting that the differ-
ences are of course magnified. It is of interest to note that the
average values for the two sets of data, the vacuum-dried and the
oven-dried, agree quite closely between the corresponding constit-
uents. In each case, however, the results by the oven dried method
are slightly higher than those of the vacuum method. Thus, the per-
centage values for the vacuum and oven methods are: For fat
and 9,633; for total nitrogen 13-530 and 13.S3M-; for total soluble
nitrogen and 2.965; for soluble heat coagulable nitrogen
1.292 and 1.321; for soluble proteose nitrogen 0.102 and 0.104; and
for creatm 1*072 and 1.102.
In order to get a better comparison of the differences be-
tween the duplicates and the differences between the two methods,
the data in Table IV, relating to the dry substance, have been re-
calculated. They are arranged In Table V, thus: Oa) iifference
between the average values for the two methods; (b) the differences

28.
TV. A OOitPARISON OF THE DUPLICATE DETER'dlNATIONS
.
(a) Fresh substance.
Labora-
tory
number.
Fat. Total
nl tro-
gen.
Total
soluble-
nitrogen.
Soluble
heat-co-
agulable
nitrogen.
Soluble
proteose
nitrogen.
Soluble
creatin.
zi zzT 2B ^ • w- 14.3O6 2.885 1.233 0.096 0.596
H 14.221 2. 918 1.259 0.107 0.606
13.232 2.733 1.210 0.055 0.622
15.968 2.736 1.239 0.048 0.629
2. ^1 3.406 0.794 0.397 0.021 0.424
It 3.486 0.804 0.387 0.025 0.390
z] Z«12B A-72 13.121 3.239 1.176 0.119 1.555
II
• f 13.488 2.840 1.149 0.134 1.761
X • T_;7 3.581 0.717 0.336 0.015 0.116
H 1 .60 3.467 0.697 0.374 0.014 0.114
Z] ZQ1 p-R 13.668 3.072 1.483 0.079 0.721
M R .12 13.699 3.029 1.416 0.108 0.592
^ X <- yX c-xv 5^. 7R 3.427 0.749 0.392 0.029
M Z iLllJ?p. 'rH<> U. / M-p 0.028
^ XC- 1R.70X^ • f V 12.288 2.572 0.787
15.68 12.310 2.372 0.790 0.183II
Average
^ all i 9.69 2.044 0.077 —
Average
(12)^ 5.84 0.807
^Omitted 312512A and 312512B.
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TABLE IV. A COMPARISON OP illCi DUPLICATE DETEIMINATIONS.( Continued ).
( b ) Dry substance, ca:^culateci on basis of vacuum method.
La"bora- Fat. Total
ni "0
gen.
Total
soluble
nitrogen.
Soluble
neav CO"
agulable
nitrogen
•
Soluble
proteose
nitrogen.
Soluble
creatln.
3133123 5.SO3 14.771 2.979 1.273 0.099 O.6I5
5.S33 14-. 684- 3.013 1.300 0.110 0.626
313^+123 7.035 13.»^13 2.770 1.227 0.056 .631
M 6.95^ 14.159 2.773 1.256 0.049 r\ /TO0.638
313S12A 9.016 13.294 3.099 1.550 0.083 1.655
8.665 13. 607 3.138 1.511 0.097 1 . 5*-2
3I38I2B 6.Si+5 13.366 3.299 1.19s 0.121 T coll1
.
584
N 6.906 13.739 2.893 1.170 0.136 1. 79**- •
3I39I2A 5.521 13.826 2.768 1.297 0.058 0. M-4o
M 6.178 13.386 2.691 1.444 0.054 r\ ii <inU . *f4U
3139123 5.137 13.575 3. 118 1.505 0.080 n "7 2
5.197 13. 906 3.075 1.437 0.110 n ^ ATU • oUl
3I25I2A 1 ^ Q77 1 ? 773; 2.792 v/ * X yjo
B 14-. 295 12 .851 2.777 1.449 0.104
3I25I2B 15.850 12.if05 2.395 0.795 0.182
B 15.730 12.1+28 2.395 0.798 0.185
Average
(all) 8.6SM. 13.530 2.874 1.292 0.102
Average
(12)' 9.'^3 1.072
1 Omit ted 312512A and 312512B,
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TABL«J IV . A COMPARISON OF riiS DUFLIOATB DETERMINATIONS.
-
( r*.r\T\t i mi Ari ^
(c) Dry Substance, calculated on basis of oven method.
Labora-
tory
num ter*
Fat .r Total
nitro-
gen.
Total
solubl©
nitrogen.
Soluble
heat-co-
agulable
nitrogen.
Soluble
proteose
nitrogen.
soluble
creatin.
313312B 15.073 3.040 1.299 0.101 0.628
H 14.984 3.074 1.327 0.113 0.638
313M-12B — 13.698 2.829 1.253 0.057 0.644
N — 14.460 2.832 1.283 0.050 0.651
313812A 9.296 13. 706 3.195 1.598 0.085 1.706
8.933 14.028 3.235 1.557 0.101 1.569
313S12B 7.055 13.777 3.401 1.235 0.125 1.630
« 7.119 14.162 2.982 1.206 0.141 1.849
313912A 5.729 14.347 2.873 1.3»^6 0.060 0.465
H 6.»^10 I3.S9O 2.792 1.498 0.056 0.457
313912B 5.203 14.054 3.159 1.525 0.081 0.741
N 5.265 14.0S6 3.115 1.456 0.111 O.6O9
312512A 1M-.050 12.S40 2.806 1.470 0.109 —
M 14.350 12.919 2.791 1.457 0.105
312512B 16.155 12.646 2.441 0.810 0.185
It 16. 032 12.669 2.441 O.8I3 0.188
Average
(all) 13.83^ 2.965 1.321 0.104
Average
(12) 9.633 1.102
^Omitted 312512A and 312512B.

——
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betwen the duplicates by the vacuum method ana (c) the difference
between the duplicates by the oven method.
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TABLE V. A COMPARISON OF TRE DIFFERENCES BETWEEN METHODS AND
DUPLICATES.
Labora- Fat. Total Totul Soluble SQluble Soluble
tory nitrogen. soluble coagu- pro- creatin.
numiDer. nitrogen. lable teose
nitrogen. nitrogen.
( a) Differences oe uween methods*
313312B t\ TOT0. 301 0.061 0.026 0.002 0.012
3134-12B 0.«d93 0.059 0.026 0.001 0.013
313812A 0.261 r\ In ^U . flo 0.096 0.047 0.003 0.049
3I38I2B 0.001 0.417 0.095^ 0.036 0.004 0.050
3I39I2A 0*046^ 0.512 0.103 0.051* 0.002 0.017
3I39I2B 0.170 0.179 0.040 0.019 0.001 0.008
3I25I2A 0.486 0.067 0.015 0.007 0.001
3I25I2B 0.275 0.241 0.046 0.015 0.003
Average 0.219 0.305 0.060 0.025 0.002 0.025
(Id) Differences "between duplicates, by the vacuum method.
313312B 0.0301 0.087 0.034 0.027 0.011 0.011
313i^-12B O.OSl^ 0.746 0.003 0.029 0.007 0.007
313812A 0.351 0.313 0.039 0.039 0.015 0.133
313S12B 0.061 0.373 0.406* 0.028 0.015 0.210
313912A 0.657^ 0.440 0.077 0.147* 0.004 0.008
313912B 0.060 0.031 0.043 0.068 0.030 0.131
312512A 0.31s U . U f 0.015 0.014 0.004
312512B 0.120 0.023 0.000 0.003 0.003
Average 0.1S2 0.192 0.030 0.030 0.011 0.083
(c) Differences between duplicates bty the oven method.
313312B 0.089 0.034 0.028 0.012 0.010
313»fl2B 0.7621 0.003 0.030 0.007 0.007
313S12A 0*363 0.322 0.040 0.041 0.015 0.137
3i3ai2B 0.064 0.385 0.419^ 0.029 0.016 0.219
313912A 0.6S1^ 0.457 0.081 0.152* 0.004 0.008
313912B 0.062 0.032 0.044 0.069 0.030 0.132
312512A 0.300 0.079 0.015 0.013 0.004
312512B 0.123 0.023 0.000 0.003 0.003 0.085
Average 0.202 0.198 0.031 0.030 0.012 0.085
^Omitted from average.
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The data show that the various differences for each constit-
uent cover a compart ively wide range. In some instances the ex-
treme values were omitted from the averages in order to get a bet-
ter idea as to what seemed to he the real condition of affairs.
The data for Group a tJhow that the differences due to the two meth-
ods ^re comparatively small, averaging 0.206 per cent for fat,
0*303 per cent for total nitrogen, 0»060 per cent for soluble ni-
trogen, 0*025 per cent for soluble coagulable nitrogen, 0.002 per
cent for proteose nitrogen, and O.025 per cent for creatin. The
reason for omitting the values designated (1) is that thi^s average
might compare directly with the corresponding averages for Groups
Ji and fi.
For Groups j2 SL t;he corresponding values agree. as would
be expected, quite closely. The chief difference between them ts
in the case of the fat, where average difference between the dupli-
cates is 0.182 per cent for the vacuum method and 0.202 per cent
for the oven method. The average percentage values for the two
methods are: for fat O.192; for total nitrogen, O.I99; for total
soluble nitrogen. O.030; for heat-coagulable nitrogen 0.03; for
proteose nitrogen, O.Oll; and for creatin 0»oaU-.
Now comparing the values for Group ^ with those for Groups
in the case of the fat
and £ it is seenyythat there is a great deal of irregularity. In
some cases the corresponding values for the differences between
the methods on the one hand, and those between the duplicates on
the other. are high in some instances and low in others. The re-
spective averages for the groups are O.219 for a, 0,182 for ^, and
0.202 for showing but a slight difference in any one instance.
For the various forms of nitrogen, the total and the total soluble
I
nitrogen for Group ^ are considerably higher than those for the
other two groups, the average values heing:for the total 0,305,
and for the total soluble 0.060 per cent for Group jt, and O.195 and
0,030 per cent for Groups and fi,. In the case of the heat-coggu-
lable nitrogen there is almost no difference between the three
groups. The soluble proteose nitrogen and the creatin are distinct-
ly higher in Groups and £. than in Group Thus, the average for
the values of Groups and ^ is 0,011 per cent for proteose nitro-
gen and 0,0S4- per cent for creatin, and the corresponding values
for Groups ^ are 0,002 and 0,025 per cent respectively.
Calculating these values in per cent of their respective
totals, the data will he an expression of the percentage variation.
Thus, in the case of sample 3138I2A, the difference between the
methods is 0,261. taxing the average value for the total fat and
dividing it into this difference we get the relation of the differ-
ence due to the methods or 3,13 per cent. Comparing the results
calculated upon this basis, gives the best idea as to the compara-
tive value of the three groups.
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TABLE VI. PERCENTAGK DIFFBRraNCE BET17EEN METHODS AND DUPLICATES.
LaDora- Pat. Total Total soluble Soluble Soluble
to/'y nitrogen. soluble heat- CO- pro^ creutin.
nuia\)er. nitrogen. agulable teose
nitrogen. nitrogen.
(a) Difference between methods.
313312B . —
~
2.017 2.015 2.000 1.923 1.911
313M-12B 2.103 2.106 2.072 1.923 2.028
313SI2A 3.130 3*046 3.035^ 3.019 3.077 9.515
3138I2B 0.915, 3.021 2.928 2.815 3.252 9.113
313912A 0.74-3^ 3.704 3.652 3.W 3-636 3.761
313912B 3.1114 1. 280 0.611 1.283 1.205 1.233
312512A 3.382 0. 522 0.538 0.479 0.943
^12612B 1.727 1.923 1.902 1.866 1.621
Average 2.06S 2.202 1*962 1.926 2.198 4.593
(13) Differences between duplicates, by the vacuum method.
313312B 0.516^ 0.589 1.135 2.098 10.680 1.771
3I34.12B 1.158^ 5.4-11 0.108 2.335 1^.462 1.102
313I82A 3.971 2.327 1.252 2.542 16.556 26.233
313SI2B 0.S87 2.754 12.703^ 2.222 12.397 51.095^
313912A 11.233^ 3.242 2.781 10.173^ 7.407 1.802
313912B 1.161 0.223 1.392 4.619 36.145 20.310
312512A 2.250 0.609 0.539 0.962 3.773
312512B 0.760 0.185 0.000 0.377 1.639
Average 1.S06 1.917 1.030 2.165 12.557 10.244
(c) Differences oetween duplicates ,,by the oven method.
313312B 0.590 1.112 2.133 11.429 1.580
3134-12B 5.412 0.106 2.366 13. 208 1.080
313SI2A 3.9S3 2.322 1.246 2.593 16. 452 26.195
313812B 0,903 2.75s 12.716^ 2.232 12.800 51.773'
'313912A 11.221^ 3.247 2.821 10.147^ 7.143 1.735
313912B 1.185 0.227 1.406 4.628 35.714 20.214
312512A 2.113 O.6I7 0.537 0.900 3.8S9
312512B 0.764- 0.182 0.000 0.370 I.6I3
Average 1.790 1.919 1.032 2.189 12.794 10.161
^Omitted from average.
!1
I
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As in Table V, the data for Group ^ are quite variable.
Thus, in the case of the fat, the percentages range from 0.015 for
313812B to 3.14.14. for 51391?-B and in the total nitrogen, from 0.522
for samples 312512A to 3. 704 for 313912A. The average values for
Group ^ are; 2.068 per cent for fat, 2.202 per cent for total ni-
trogen, 1.962 per cent for total soluble nitrogen, 1.926 per cent
for soluble heat~coagulable nitrogen, 2. 198 for soluble proteose
nitrogen and 4-. 593 per cent for creatln. It is of interest to
note that with the exception of the creatin the percentage average
values are quite constant. ooCXparing Groups i>. and .c, the corres-
ponding values for the two run very close. The percentage average
for these two groups is: I.798 for fat, 1.918 for total nitrogen,
coagulable
1.031 for total soluble nitrogen, 2.177 for soluble heat-j^nitroj<en.
12.775 for soluble proteose nitrogen, and 10.202 for creatin. One o:
the most noticeable differences between these values and those of
Group ^ is the great irregularity between the various constituents.
Comparing the corresponding values of Groups ^ and ^ with
those of Group ^, it is seen that there is practically no differ-
ence between them. for the fat, the total nitrogep, and the heat-
coagulable nitrogen. The total soluble nitrogen is 0.93 Pei' cent
higher in Group The soluble proteose nitrogen is 10.6 per cent
lower in Group ^, and the creatin about 5*61 per cent lower. In
this last case, however, the variations within the groups are so
great that this difference is not significant.
Prom the above discussion, it seems apparent as far as lean
bee:f is concerned, that the differences between the vacuum and
oven methods of drying are significant in the case of the soluble
"--fyi-Vre#<^n
«
—

The differences In the other instances are no greater than
those occurring between duplicate and triplicate determinations; by
either i.iethod. In other words, the vacuum method has some advan-
tages over the oven method in that the total soluble nitrogen is
slightly higher. Other than this there would seem to be an advan-
tage in using the oven method because of the great saving of time*
Trowbridge stated that the oven-dried samples were much more diffi-
cult to extract with ether, we found no such difference. The var-
iation between duplicates was as great as those between the determi-
nations.
It was thought that it would be of ini^erest to determine the
additional loss .if anx of nitrogen on heating the sample up to 130°
o
0. Benedi^>t and Manning found on heating at 100 C. that there was
a loss of 6 to 7 per cent. Gibson and Atwater confirmed the worK and
found a loss of 6 to 7 per cent on heating organic-! food substances.
Emmett and G-ies found that gelatin heated to 130° 0. lost nitrogen.
This vi-as tried upon a sample of lean meat round and the datfe for
total nitrogen are: for the sample dried 20 hour*8,'at 110° 3.624 per
centi for the sample dried for 96 hours, 3.615 pej* cent; dried at
130® for hours, 3.4-50 per cent, and for the vacuum dried sample
the per cent of nitrogen is 3.632. While these data are few, they
suggest that there was a slight loss at 130® C. and that there was
but very little difference between the other values.

^ .——„
—
CHEMICAL OliANGES OCCURRING DURING DE88ICATI0N*
liavirg compared the data from the standpoint of getting
at the relative differences between the vacuum and oven methods of
drying, and having shown that as far as lean heef is concerned there
is little preference between them, especially if only the total mois-
ture^and the fat are to he determined upon the dried product, it re-
mains to show how the fresh and vacuum-dried meats compare, it is
obvious that if the vacuum-dried meat compares favorably with the
fresh meat - both calculated to the dry basis - there is much to be
said in favor of Its use when other determinations than fat are to
be made.
in Table VII are the data for the composition of five samples
of fresh lean beef and the corresponding samples^ dessicated. The
results have been calculated to the dry basis using the values ob-
tained by the tracuum method.
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TABLE VII. THE CHElilCAL COMPOSITION OF FRESH AND DESSICATED MEATS.
Result? calculated to the vacuum-dried basis.
Labora-
—Forms of Nitrogen—
Water soluble nitrogen
tory Fat. Total.
number. Total. Coagu- Pro- Orea-
lable. teose. tin.
A. Composition of the fresh meats
312112A 16.65 11.S93 2.995 1.655 0.089 ^ ^1
312bl2A m-.i3 12.751 2.780 1.439 0.104
313812A 8.47 I3.M-50 3.115 1.534 0.090 0.507
3I39I2A 6.26 13.573 2.769 1.445 0.054 0.444
3I3312A 5.57 14.356 3.519 1.929 0.066 1
Average 10.22 13.205 3.028 1.600 0.081 0.475
B. Composition of the dessicated meats.
312112B 18.05 12.221 2.500 1.207 0.055
312512B 15.79 12.417 2.395 0.796 0.183
313S12B 6.88 13.544 3-196 1.260 0.121
313912B 5.07 13.890 3.089 1.472 0.083
313312B 5.74 14.770 2.996 1.287 0.103
Average 10.31 13.368 2.835 1.204 0.109
0.636^
0.411
0.645
0.621
0.578
iNot determined.
2The average of Nos. 313SI2 and 313912 is 0.528.
3 Omit ted from average.
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Comparing the values of the fat, it la seen that the percent-
ages for samples 312112B and 312512B are distinctly lower than those
for samples 312112A and 312512A, while for samples 3138I2B and
313912B the corresponding values for the fresh meats are higher, and
finally the values for the last sample 313312A and B are very near-
ly the same. The average per cent for the two groups is 10.22 and
10.31 respectively, for the fresh and dessicated meat. In the case
4f the total nitrogen the dessicated meats run slightly higher than
the fresh samples, averaging 13.368 and 13.205 per cent respectively.
The per centsof total soluble and coagulahle nitrogen are lower for
the dessicated meat, than for the fresh meat, and the proteose ni-
trogen is higher. The average data for Groups A and B are respect-
ively: soluble nitrogen 3.02s and 2.835; coagulahle nitrogen 1.600
and 1.20»i; and proteose nitrogen, 0.081 and 0.109 pei* cent. The
data for the crea*, in are too few to draw any conclusions.
Since the percentage of fat varied so greatly, it will he of
Interest to compare the data for the forms of nitrogen on the mois-
ture and fat-free basis. These results are given in Table VIII.
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TABLE VIJI. CHEMICAL COMPOSITION OF FKESH AMD DES8ICATED MEATS.
Results calculated to water- and fat-free basis.
Labora- Forms of Nitrogen •
—
tory
number. Total. Water soluble nitrogen
Total. Ooagu- Pro- crea-
lable. teose. tin.
A. Composition of the fresh meats.
312112A 14.269 3.545 1.9S6 0.107
312bl2A 14.849 3.237 1.676 0.121
3138I2A 14.695 3.403 1.676 0.09S 0.554
313912A 14.479 2.954^ 1.541 0.056 0.474
313312A 15.203 3.727 2.043 0.070
Average 14.699 3.478 1.784 O.09I 0.514
B. Composition of the dessicated meats.
312112B 14.913 3.051 1.473 0.134 0.776^
312512B 14.745 2.844 0.945 0.217
313812B 14.545 3.432 1.353 0.130 0.442
313912B 14.632 3.254^ 1.551 0.087 0.679
313312B 15.669 3.17« 1.365 0.109 0.659^
Average 14.901 3.126 1.337 0.122 O.56O
Omitted from average.
II
I
I
I
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The per cent of total nitrogen In the desslcated meats tends
to run slightly higher than in the fresh meats, in two cases the
differences are very slightly in favor of the fresh meats.while in
the other three they are in favor of the dessicated samples. The
average values are 14,699 and m-.901 per cent for the fresh and des-
sicated samples respectively.
The total soluble nitrogen is higher in the meats for Group
A than in those for Group B. The one prominent exception to this ts
sample 313912, where the per cent of nitrogen is prec eptihly higher
in the dessicated meat. These two values, A and B, have "been omit-
ted from the averbtge. The averages for the two i^r^jups are: for A,
3*K~IS per cent, and for B, 3. 126 per cent, a decrease of 10.1 per
cent upon dessicating*
The per cent or uoagulable nitrogen runs lower in the sam-
ples of Group B. The one exception to this statement is No ,313912
where the values for the two groups are practically the same. The
averages for the fresh and dessicated meats are 1.784 and I.337 P^^r
cent respect iveljr. There is thus a difference of 25.0 per cent of
the amount in the fresh riieats.
The per cent of proteose nitrogen Is higher in each case for
the dessicated meat the averages heing for the fresh meats 0.091
per cent, and for the dessicated meats 0.122 per cent. This is a
difference of 34.1 per cent. Evidently, some bacterial or enzyme
action tooK place in the dessicated meats while they were drying
out*
The data for the creatin are too few to maKe any statement.
In order to ascertain whether the differences between the

^3.
fresh and desslcated meats are significant, the percentage increase
or decrease has "been calculated with the idea of comparing it with
the percentage differences of the duplicates as given in Tahle VI.
These results are presented in Tahle 1X»
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Comparing the correspondiiig values between the difrererces
iii the case or the fresh and dessicated meats and the duplicates,
it Is seen that there Is a great deal or variation in each case, m
some instan<^es the values for the former are greater than those fa*
the latter and vice versa. The averages* however, are little
higher for the differences between the fresh and dried meat. "Vfith
the total soluble, the heat-coagulahle, and proteose nitrogen, the
percentage differences are distinctly higher for the fresh and des-
sicated meats. The averages for the two kinds of meat and the du-
plicate differences are respectively- 10.414- and 1,103 Pei^ cent for
total soluble nitrogen; 24-,511 and 2. 508 per cent for coagulable
nitrogen; and H«.5S8 and IO.137 per cent for proteose nitrogen.
It is thus apparent that the dessicated i^eats have a sig-
nificantly lower percentage of total soluble and coagulable nitro-
gen and a higher percentage of proteose nitrogen. Tiie differences
in the total nitrogen are not significant.
In Table X, the forms o^' soluble nitrogen, creatin excepted,
are expressed In per cent of the total nitrogen with the idea of
showing the relative differences between the fresh and dessicated
cJifeats. In the case of the total sol»ible nitrogen, part of the data
for the fresh meats are higher than those for the dessicated samples
while two of the five samples are lower. There is very little dif-
ference between the average values. Thus, the per cent of the total
nitrogen that is soluble in cold water is 22.94-6 for the fresh and
21.174- for the dessicated meat. In every case the heat coagulable
nitrogen is higher in the fresh meat. For sa-ple 313912 the dif-
ference is very slight. The averages (Sf the two sets of data show

TABLE X. FORMS OF WATER-SOLUBLE NITROGEN.
Expressed In per cent of total nitrogen.
Fresh Meat Desslcated Meat
Labora-
tory
number.
Total. Heat-
Ooagu-
lable.
Pro-
teose.
Total. Heat-
Coagu-
lable.
Pro-
teose
312112 2M-.855 13.914 0.744 20.457 9.880 0.898
312512 21.806 11.283 0.818 19.286 6.407 1.472
313312 24.51'+ 13.432 0.464 20.287 8.710 0.699
3138I2 23.157 11.405 0.667 23.601 9.304 0.895
313912 20.404 10 . 643 0.398 22.239 10.597 0.599
Average 22.946 12.135 0.618 21.174 8.980 0.913
I
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that 12,135 per cent of this form of nitrogen is coagulable in the
fresh meats and 8.980 per cent in the dessicated meats. The pro-
teose nitrogen runs higher on the dessicated meats in each instance.
The avera-^^e results indicate that 0.618 per cent of the total ni-
trogen in the undried meat is in the proteose form and that O.913
also
per cent is in the dessicated meat is^in this form»
001T0LUSI0N8.
From the foregoing discussion of the data for beef, the fol-
lowing preliminary conclusions can be drawn:
A. Comparison of the Oven and vacuum Methods of Drying.
1. The per cent of dry substance in oven-dried (105*^0.) sam-
ples of meats was slightly less than in the vacuum-dried (25°c.)sam-
ples, but this difference was no greater than that found between du-
plicate determinations. Therefore the differences between the
values for the dry substance by the two methods of drying were not
significant.
2. The influence of the two methods of drying on the per-
centage of fat was not definitely shown. The variations were
quite irregular^. The average difference was only 0.21 per cent.
3. Comparing the data calculated to the dry basis by the
respective methods, the results for the oven method (105° 0.) pro-
duced no significant differences in the chemical composition of
meats except in the case of the total soluble nitrogen which was
on an average O.305 per cent higher, or in per cent of the total,
1.96.

About per cent of the nitrogen was lost in drying the
meats at higher temperatures (130° 0.) than 105-110° 0.
5. In general the oven method was as accurate as the vacuum
method and much more rapid.
B, Comparison of Fresh and Dessicated Meats.
1. On the fresh basis, the average values for the fresh and
dessicated meats were respectively: dry substance 25. 89 and 96.39;
fat 3.12 and 10.28; total nitrogen 3.4-30 and 13.176; total soluble
nitrogen O.792 and 2.732; coagulable nitrogen 0,4-24 and I.I7I; pro-
teose nitrogen 0.021 and 0.098,and creatin 0.122 and O.51? per cent.
2. On the water-free basis the average values for the fresh
and dessicated mea:s were: fat 10.22 and 10. 3I; total nitrogen
13.205 and 13.368; total soluble nitrogen 3. 028 and 2.835; coagula-
ble nitrogen, 1.600 and 1.204-; proteose nitrogen 0.081 and O.199;
and creatin nitrogen O.M-75 and O.528 per cent.
3. On the water- and fat-free basis, the average values for
the fresh and dessicated meats were: total nitrogen, 14.699 and
14.901; total soluble nitrogen 3.478 and 3. 126; coagulable nitrogen
1.784 and 1.337; proteose nitrogen, O.O91 and 0.122, and creatin
nitrogen 0.514- and 0.560 per cent.
4. The forms of nitrogen on the fresh and dessicated meats,
expressed in per cent of the respective total nitrogen values, show
that 22.946 and 21.174 per cent was soluble nitrogen; that 12.135
and 8.980 per cent was coagulable nitrogen, and that 0.618 and
0.913 per cent was proteose nitrogen.
5. Finally, during the process of drying meats by the vac-
uum method, the percentages of total soluble and heat coagulable
is
{
nitrogen were decreased, the percentage of proteose nitrogen was
increased, and the percentage of total nitrogen remained practi-
cally the same.
i
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